The past few years have experienced an explosive growth in scientific and regulatory documents related to the patent system. Relevant information is siloed into many heterogeneous information domains making it a challenging task to gather information. In this paper, we develop an ontology to standardize the representation of the patent system in order to overcome the heterogeneity and integrate information from the patent document, court case and file wrapper domains. Through a use case in the bio domain erythropoietin, we demonstrate how this ontology can be used as a tool to improve the learning curve of users gathering information across these multiple information domains. The proposed ontology provides the required semantics to develop automated tools for a variety of purposes including Information Retrieval (IR) and analytics.
INTRODUCTION
The past few years have seen a revolutionary change in the way scientific and regulatory information is created, stored and processed. The explosive growth of these documents has led to the rise of intelligent applications to manage and process this information. However, in order to build such an application, one requires a thorough understanding of both the organization of information and the requirements of the targeted users.
In this paper, we focus on the patent system, which involves many such diverse information silos. The patent system is a two stage system where the first stage includes the acquisition of patents, and the second includes their enforcement. In the acquisition phase, a patent application is prosecuted by the United States Patent and Trademark Office (USPTO) and finally issued or rejected based upon the patent examiner's decision.
The amount of information available is enormous and very highly distributed. Information pertaining to a particular subject is maintained by independent entities in the regulatory system, each enforcing different standards which results in a very heterogeneous set of documents segregated into information silos. Therefore, one requires to simultaneously search multiple information silos in order to gather comprehensive information relating to a particular subject. The prosecution history is documented and is also known as the file wrapper for that issued patent or application. The enforcement stage of the patent system comes into play once the patent is issued. In case of infringement of patent claims, the infringer of a patent can be tried in court in a patent litigation. The enforcement stage can revisit the steps taken in acquisition stage, and can invalidate an entire patent, or just a single claim, based on the findings. The various documents involved in both the acquisition phase and the enforcement stage are (a) patent applications; (b) file wrappers; (c) issued patents; (d) any form of prior art such as scientific publications and printed publications; (e) litigations of similar patents; and (f) regulations and laws involved i.e., appropriate chapters of the Code of Federal Regulations (C.F.R.) and the United States Code (U.S.C.).
The two stages of the patent system often function independent of each other i.e., the enforcement stage comes into picture only when the acquisition phase is complete. Both stages involve different users and entities. The requirements of each user or entity drastically vary as per the task. For example, a start-up company (the entity) will need to conduct a thorough patentability search before filing a patent application for their invention with the patent office. The company is mainly concerned with satisfying the utility, novelty and non-obviousness clauses of the U.S.C. which requires a thorough analysis of prior art and prior patent descriptions. As a second example, an established firm with a profitable patent may want to conduct an infringement analysis to enforce their rights during which, they will pay thorough attention to the patent claims, and the file wrappers. In both cases, a significant effort needs to be taken in order to gather relevant information across all the information silos, which are diverse in structure, in syntax, in semantics and in format. Clearly, the patent system is not only diverse in the information it contains, but also in the requirements of the users and entities involved.
We propose an ontology for the patent system which attempts to provide a standardized formal representation of the information contained in the patent system. The ontology will define the semantics expressed in the information silos and serve as a platform to integrate the information. We propose to develop a knowledge base by populating the classes of the ontology with Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. information and appropriately relating them. The knowledge base provides the semantics and the representation needed to build automated tools to perform a variety of actions such as analytics and IR. The knowledge base will also serve as a basis for interactive tools to guide and improve the learning curve of users gathering information.
Our current implementation spans three information domains namely -issued patents, court cases and patent file wrappers. As we make progress with these documents, we intend to include other information sources such as scientific publications and regulations. We discuss in detail the current drawbacks and challenges associated with today's technologies. We choose to construct a use case in the bio domain which involves "erythropoietin", a hormone responsible for the production of red blood cells in living organisms. Through this use case, we develop a simple scenario, demonstrating how the ontology can be queried to perform IR.
Section 2 provides a background study on the information silos, namely patents, court cases and file wrappers, and the current state-of-art tools that allow us to access the information and related work in this area. Section 3 introduces the use case and describes the test corpus. Section 4 describes the structure of the documents to help understand the challenges faced with respect to the diversity of the information domains. Section 5 describes the methodology followed to develop the ontology and Section 6 presents a mock scenario to show the application of the ontology. Section 7 concludes the paper by discussing some drawbacks and limitations of the study.
BACKGROUND
In this section, we will review some of the challenges faced with respect to patent and court case research. We will also review relevant literature and the available state-of-the-art tools for IR and integration of the information silos.
Challenges and State-of-the-Art Tools
There are currently over 7 million issued U.S. Patents. In 2009 alone, 485,312 patent applications were filed with the USPTO [25] . In addition, there are over 40 different patent issuing authorities across the world, including the European, Japanese and German Patent Offices. The USPTO maintains a database for issued patents, patent applications, copyrights and trademarks. HeinOnline, LexisNexis and WestLaw are libraries for other IP related legal information [31] - [35] . In a recent deal, Google is now to make all USPTO products freely available online [23] . Thomson Innovation and Dialog LLC provide tools to help in information mining of patent documents and other scientific literature through services such as Delphion and Web of Science [34] . The Derwent World Patents Index (DWPI) is one of the largest patent databases with documents indexed from 41 patentissuing authorities. Public Access to Court Electronic Records (PACER) is an electronic system to access the databases of the 94 District Courts and 13 Courts of Appeals (CAFC) [35] . Currently, PACER requires one to know the party name or the case number; in other words, it does not allow keyword-based search. Also, manually scanning each of these databases is not a feasible option.
In 2003, the USPTO introduced the Image File Wrapper (IFW) system to replace the paper based system. The Image File Wrappers are available for more recent patents on the Patent Application Information Retrieval (PAIR) website. However, several challenges are to be overcome to make these documents computer accessible. The USPTO does not permit automated crawling of the IFWs and requires one to enter a CAPTCHA verification code to access the documents. Google has recently started indexing these documents and provides a web service to download these files [38] . However, the files are still available as images, which means additional processing and smart OCR algorithms are required to extract text from them. To access file wrappers prior to 2003, a 3 rd party agent is currently the best solution to convert the paper based file wrappers to text-readable file wrappers [34] . IFW Insight is a tool which has indexed over a 1000 IFWs and allows one to navigate and search for critical information contained within them [39] . However, a strong integration with other information domains in the patent system is still lacking. There are several structural and organizational challenges associated with IFWs which are addressed in the later sections.
Related Work
A variety of methods have been proposed for integrating diverse knowledge domains [14] , [15] , [16] , [21] . One method suggests that a single ontology be defined, which integrates the semantics of all knowledge domains. A potential drawback of such an approach is its lack of scalability to a very large set of knowledge domains. Also, depending on the application, such a huge knowledgebase may be unnecessary and inefficient. Alternative architectures suggest having separate ontologies representing each knowledge domain, and integrating them through either the application directly, or via a top level ontology. Several ontology development methods have been proposed and are widely used [16] , [17] , [19] - [22] .
There are other IR techniques for both patents and case law which are not ontology-based [2] , [6] , [8] , [12] . Due to the large amounts of unstructured information available online, such techniques are required to be made more efficient. Several IR methods have made use of domain specific ontologies such as bio ontologies to capture domain knowledge and in turn enhance retrieval [1] , [3] , [9] , [10] , [13] . Specifically related to the domain of patent documents, the PATEXPERT project has developed an ontology for the patent document domain which focuses on the European patent system [4] , [5] , [11] . However, the above mentioned methodologies focus on a single information silo, and hence are not applicable to a larger set of heterogeneous domains. To address the issue of IR across a diverse set of information domains, firstly there is a need to standardize the representation of the information either through a single ontology, or to construct individual ontologies and subsequently integrate them. Secondly, the IR techniques need to be improved to take advantage of the implicit cross-referencing between the various information domains.
USE CASE
The working of the ontology is demonstrated by constructing a use case in the bio domain -erythropoietin. Erythropoietin is a hormone responsible for the production of red blood cells in the body through a process known as erythropoiesis. The deficiency of red blood cells results in lower hemoglobin levels than normal, which is also known as anemia. The synthetic production of the hormone erythropoietin has been a crucial discovery for the treatment of severe diseases such as anemia. Amgen Inc. own five core patents related to the production of erythropoietin, namely U.S. Patents 5,547,349, 5,618,698, 5,621,080, 5,756,349 and 5,955,422. We followed the forward and backward citations of the 5 core patents and identified 135 closely related U.S. patents. These 135 related patents identified will serve as the gold standard for any performance tests.
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BioPortal is a source for bio domain knowledge with a collection of over 150 bio-ontologies [24] . A search for an exact match of the term "erythropoietin" returned around 11 ontologies. From these ontologies, we identified 43 closely related concepts to erythropoietin, by extracting related concepts such as the synonyms, children, parents and grandparents of "erythropoietin". For each of the 43 extracted concepts including erythropoietin, we downloaded the top 50-100 patents to create a database of 1150 U.S. patents. The database of 1150 patents contains patents both related and unrelated to the use case and acts as our test database.
Our corpus also includes around 30 U.S. federal court cases which involve Amgen and the 5 core patents spanning from the late 1980s to date. Furthermore, the 135 closely related patents collectively cite over 3000 scientific publications. In addition, each patent document comes with a corresponding file wrapper. All put together, the use case provides us with documents which span multiple domains representative of the problem we seek to solve.
STRUCTURE OF THE DOCUMENTS
In our use case, we focus on patents issued in the U.S. which are publicly available on the USPTO website. The full-text documents (1973-present) are available for download as HTML files. Although no specific web service is provided by the USPTO, a simple 'wget' script is written to automatically fetch the required patent documents from the server. The downloaded patent documents have a standard structure which clearly distinguishes the various fields of interest such as the title, inventor, assignee etc. (see Figure 1 ). We exploit this structure and developed a script to automatically parse out all the information that pertains to us.
We downloaded court cases from the LexisNexis database by searching for erythropoietin in the federal court database. The search resulted in 30 court cases which are closely related to the use case. It is difficult to automate the download of court cases since none of the systems mentioned in Section II.B provide an API or a web service to do so. Also, since the structure of court cases is not as well defined as patent documents, parsing these documents is more of a challenge (see Figure 2) . The important fields, such as the plaintiff, the defendant, the court etc. are thus extracted using a carefully coded script.
As mentioned in Section 2.1, file wrappers for patents dated earlier than 2003 are only available in paper form. We requested a copy of the file wrapper for one of the core patents U.S. 5,955,422 for the purpose of processing the information contained within it. We will demonstrate the use of the proposed tool using this file wrapper, and include more file wrappers in future. File wrappers are highly unstructured documents which make it very hard to automate parsing of these documents. In general, the prosecution history contains of an initial application, an amendment from the applicant and the examiner's response with either a rejection, or an approval for issue.
However, due to the nature of the prosecution, this process can continue over several transactions until the application is finally accepted, or withdrawn. Hence, the first challenge is identifying each of these transactions since every patent file wrapper will have a different number of transactions and could be out of order. Several miscellaneous documents such as the fee structure are ignored in our model. The next challenge is that each of these transactions does not have a standardized format and is generally in the form of a letter with important information such as restricted claims, allowed claims, rejected claims and corresponding arguments are expressed in a mixed form within the text (see Figure 3) . Some file wrappers include special events such as an interference. Due to the above mentioned reasons, we have manually parsed the file wrapper, extracting information we 
. Excerpt of a Rejection Letter
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MODELING THE DOMAINS

Defining Scope of the Ontology
Gruninger and Fox suggested that a set of competency questions be developed; these are questions that the ontology is expected to answer [22] . Developing these questions not only helps define the scope of our ontology but also allows us to verify the power and competency of the ontology both throughout and after the development phase [17] . Keeping our primary goal in mind, which is enabling integration of data from the information domains in the patent system, we will define a set of competency questions which -(1) confine to a single domain such as patents; and (2) span multiple domains. The competency questions in no way limit the applications of this ontology, rather they are examples of questions the ontology must be capable of answering at a minimum. The following competency questions are not necessarily useful questions, but they show the variety of queries that can be answered by the ontology which include numeric filters, regular expressions, cross-domain questions, ordering etc. In Section 6, through a scenario some of the competency questions will be answered to demonstrate the working of the ontology.
Patent Document Domain:
Return all inventors who have 3 or more patents.
Return all the patent documents which contain the keyword "erythropoietin" in at least 3 claims and assigned to "Amgen_Inc".
Court Case Domain:
Return all court cases which contain the keyword -"erythropoietin"
Return all court cases which involve "Amgen_Inc" either as the plaintiff, defendant of both, and from the United States District Court for the District of Massachusetts.
File Wrappers:
Display all the events contained within the file wrapper of a particular U.S. patent, arranged in chronological order.
Enlist all the claims of the initial application, identifying claims which were rejected and the claims that were finally allowed.
Multi-domain:
Return all patents which contain the keyword -"erythropoietin" in the "claims", which has been challenged in the courts at least once.
From a file wrapper, identify the patents involved in an interference, display information about the inventor, assignee, and claims of that patent. Further, enlist the other patents the inventor owns, if any.
Conceptualizing
Patents, court litigations and file wrappers are highly inter-related documents. There is a significant amount of cross-referencing between these documents. For example, the court litigations directly reference the patent numbers, the assignee, the claims of concern etc. The court litigations highly rely on the information from the file wrapper. The cross-referencing can be crucial when relevancy has to be established between these documents. Present systems take little or no advantage of this form of crossreferencing. The proposed ontology will provide these additional semantics between the information domains via properties.
When designing the ontology, we model each information domain separately, and then arrange them together in a poly-axial hierarchy. We generate properties or relations between classes from within an information domain, and with other information domains which allows users to reason across the multiple information domains. We recognize that some applications may require access to a small fragment of the semantics and information. Hence, applications should be allowed to work with only what is needed. For example, a patent analytics tool may only consider the patent document domain and ignore the semantics with other domains.
Patents and Court Cases
A patent document consists of information in both the textual content and metadata. Figure 4 gives a conceptual view of the patent document domain and the important "terms" from an IR perspective. We follow a bottom-up approach when creating the class hierarchy. The lower level classes such as Abstract, Inventor, Plaintiff etc. are appropriately grouped into general classes. Also, we must define the abstraction levels or the boundary between instances and classes in our model. For example, the textual content includes the abstract, the claims, the description etc. We consider Claim to be a general class, and every claim of a patent is an individual of type Claim. Similarly from the metadata, information such as the filing date, issuing date, inventor, assignee, citations, international classification, U.S. classification etc. are identified as concepts or classes. We arrange these concepts in a hierarchical manner as shown in Figure 5 . The classes Documents, Information and Events are the root nodes. Two other root nodes, Person and Organization are excluded from the figure to ensure clarity. A similar conceptual view of court cases can also be studied to identify classes, individuals, properties etc. Important information in the court cases is contained within the text of the body which includes the claims under concern, the patents involved and the analysis. Extracting the patents involved in the court case, the parties involved i.e. the defendant and/or the plaintiff, along with identifying key terms
Figure 4. A Conceptual view of the Patent Document Domain
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File Wrappers
A file wrapper includes details of every communication that happened between the patent office and the applicant (or the applicant's attorneys). These details include the initial application, applicant's amendments, examiner's response -either as a rejection, or an approval, with appropriate explanations, interference records (if any), facsimile transactions and other miscellaneous documents such as fee structure, extension of time etc. We group all the transactions broadly under the class Event.
To model the file wrapper domain, a thorough understanding of the terminology is essential [25] . The examiner's responses such as a rejection (final or non-final), an approval, or any other office action are grouped together under a single parent node called OfficeAction. Any event occurring from the applicant's side such as an appeal for interference or an amendment is grouped under another common parent class called ApplicantEvent. Figure 5 shows this hierarchy of the concepts from the three information domains.
In addition to the events, more concepts and properties are defined at a finer level of granularity. For example, an interference record consists of the following information -(1) The patent or application which is interfering; (2) The date of the interference; (3) The interfering claims in the other patent application; (4) The interfered claims in the current application; (5) The corresponding count; (6) The decision made, i.e. favorable or not favorable (see Figure 6 ). Each of the above parts of the interference document is encoded into the interference class via object and data type properties.
As mentioned in earlier in this Section, the file wrappers are highly correlated to the other sets of documents. Figure 6 shows an excerpt of an interference contained within the file wrapper for U.S. patent 5,955,422. Notice that there is a much smaller subset of the originally filed 63 claims which are involved in the interference. However, in order to see the claims, a user would have to search for the application in the USPTO database and refer to the specified claims. The user would then have to open the issued patent database to refer to the claims of the infringing patent. When manually reading a file wrapper, if one needs more information about the interfering patent or application than what is provided on the interference record, the patent or application will have to be looked up in another database, i.e. the information is not available hands on. Instead, the proposed ontology can be used to recognize the interfering patent as an individual in the Patent class. Hence, any information regarding that patent can be (1-4) . Figure 7 shows a snapshot of an individual in the interference class. Notice how this particular instance points to the actual claims of the patents, instead of simply listing the text as in the interference letter.
"Special events" such as phone conversations between the examiner and the applicant are not sufficiently recorded on paper. This imposes an additional challenge when conceptualizing and extracting information from the file wrapper domain. Currently, such events are not modeled in the ontology. The methodology employed in designing this ontology is an iterative process. The hierarchy and concepts shown in Figure 5 , along with the properties and relations are expected to undergo revisions and improvements several times. A summary of the properties relating the various classes along with the domain and range restrictions is shown in Table 1 .
Several representation languages are available such as Resource Description Framework (RDF), RDF Schema (RDFS) and the W3C recommendation Web Ontology Language (OWL) [27] - [28] . We use OWL to encode our ontology since it provides richer semantics than RDF and RDFS. We use Protégé 3.4.x as the ontology editor [30] . We choose SPARQL Protocol and RDF Query Language (SPARQL) to query the knowledgebase [29] .
The current version of the knowledgebase is populated with the 1150 U.S. patents and 30 court cases from our corpus which is described in Section 3. Other patent documents which may have been found in court cases or through patent citations, but not in the original 1150 documents are instantiated but contain no information about the patent since the original document itself is unavailable in our corpus. However, we ignore any documents which are not a part of our corpus when performing the tests. The file wrapper for U.S. patent 5,955,422 has also been partially incorporated into the knowledgebase. Currently, only the first amendment, rejection, interference and the original application from the file wrapper are populated. The instantiated OWL ontology is available online at [41] . Currently, we use Protégé to access and query the ontology. Since the ontology contains a large number of individuals, we plan to create an RDF store using tools such as Virtuoso in order to make it scalable [42] . A searchable Lucene index, with links to the original patent and court case documents is also available on the web site.
RESULTS
Evaluation of the Extracted Data
As mentioned in Section 4, the patent documents downloaded from USPTO have a fairly consistent structure. We developed a regular expression based parser to extract information from the patent documents in order to instantiate the ontology. However, a small fraction of documents may be structured differently, which can lead to inaccurate extraction of the data. In this section, the quality of the extracted data is evaluated and efforts needed to improve the quality of the extracted data are discussed.
For the purpose of the evaluation, a random sample of 50 patents is generated. The data from these 50 patents is automatically parsed using the parser. The true data is manually extracted from the original documents in order to be compared with the extracted data. No inconsistencies were found in the fields -Title, Abstract, Claims, Description, Patent Number, Publications, Inventors, Patent Citations and the US and International Classifications. However, 2 false negatives and 48 true positives were found for the Examiner field. Also, 1 false positive and 50 true positives were found for the Assignee fields. Table 2 gives the values for precision and recall over these 50 patents for the Assignee and Examiner fields. In future revisions of the parser, we wish to modify the regular expressions to handle the exceptions which lead to the false positives and negatives. Since the set of 50 patents were randomly chosen, we can assume the values for precision and recall hold for larger data sets as well.
In the original documents, it is possible that the true data, for example, an Inventor's name, is expressed differently in different documents. Possible variations can include upper and lower cases, inversion of first and last names etc. These differences can cause the same information to be considered distinct by the parser. We ignore these differences in our evaluation. However, some of these variations may be easily avoided by simple techniques such as converting all data to lower case. Given the high precision and recall values, the corpus of US patents can be mapped to the ontology with high quality using the existing parser.
Since the court cases are not structured as consistently as the patent documents (see Figure 2) , regular expression based parsers do not perform very well resulting in lower precision and recall values for the extracted data. Due to the small number of court cases in our corpus, it is possible to manually correct the extracted data prior to instantiating them in the ontology. However, the current methods for parsing need to be improved upon in order to scale to much larger databases of court cases. Newer NLP techniques such as Named Entity Recognition (NER) and Hidden Markov Models (HMM) can be explored in addition to regular The Proceedings of the 12th Annual International Conference on Digital Government Research expressions to accurately extract data from the court cases. Figure  2 highlights some of the relevant data from court cases. The improvement of the parsers is out of the scope of the current paper, although our future implementations will address this issue.
Querying the Ontology
In this section, we will demonstrate possibility of the patent ontology being used as a tool for improving the learning curve of a user wanting to gather information in the patent system related to the production of erythropoietin. Generally, file wrappers are referred to during the enforcement stage of the patent system, typically during infringement analysis or court litigation. When the claims of two patents do not literally infringe, it is important to determine the scope of each limitation of the claim under the "doctrine of equivalents". For this, the patent's entire file history will have to be studied, and the focus is set on the wordings of the claim and how they evolved. This is a very non-trivial task and involves tremendous amount of reasoning. There are several methods to perform a search in the patent system for relevant information. Each individual will employ a different method to gather information. We have generated a series of questions the knowledgebase will be queried with to serve an example.
Assuming the user has little information available at the start to perform a thorough search, we would like an efficient way of finding important patents related to "erythropoietin". One possible method is to look at court litigations which have involved erythropoietin, and back track to find the patents involved. Figure  8 shows the list of court cases which have the term erythropoietin in their text.
All the court case documents in our corpus show up in this search since every one of them contains the term "erythropoietin". In the query shown in Figure 8 , first all the individuals belonging to the CourtCase class are identified, i.e. the court cases themselves. We then extract the body of the court cases through the hasBody relation. The actual text of the court case body is stored under the annotation property "resourceVal". Hence, we first extract this text followed by a regular expression filter to select only those cases which contain the term "erythropoietin".
In the next step, the patents involved in these court cases are identified. To do this, we follow the "patentsInvolved" relation from the court case domain to the patent document domain. Figure 9 shows the list of patents involved in these court cases. In an expanded view, U.S. patent 5,955,422 is identified as a very frequently occurring patent, which also happens to be one of Amgen's core patents.
Further, we can choose to study the file wrapper of the patent U.S. 5,955,422. The query shown in Figure 10 displays all the events contained within the file wrapper. This list is obtained via the "contains" property. We order the results by the date in which the occurred. Notice that the initial application (07/609741) and the final issued patent (5,955,422) are both part of the file wrapper. It is possible to view the nature of the application, i.e. whether filed as a continuation, continuation-in-part, divisional or a fresh application. An example where such information is useful is when determining the priority date for certain parts of the application. If this application is a continuation or a divisional, in a more complex query, it will be possible to trace back to the root, i.e. the original application.
In the next few steps, we attempt to show how the patent system ontology can be used to gather information from the file wrapper in a more efficient way. The initial claims as filed by the applicant are generally very different from what is finally allowed. The final scope of the claims is determined by the added limitations which make the claim acceptable. The issued patent by itself will not contain the original claims. However from a file wrapper, this information can be extracted as shown in Figure 11 . Similarly, other restrictions can be viewed as well (see Figure 13 ) via the hasRestriction property. The actual text of the rejection letter is also included under the resourceVal annotation property. Due to the restriction the applicant is only allowed to pursue one of the groups of claims for approval. From Figure 12 , we see several claims are withdrawn, and of the remaining 3 claims, two are accepted and one is rejected.
We can access the claims that are allowed via the allowedClaim property. The text of the claims can also be viewed as shown in Figure 14 . In a similar fashion, we can compare the text of the claims at every stage of the prosecution of the application including the final claims (see Figures 11 and 14 ) to identify the added limitation which made the claims acceptable to the examiner.
This process of querying the file wrapper can continue as long as required. Many similar scenarios can be constructed as desired by the user. The true potential of the ontology will be visible when complex queries spanning more than one information domain are presented. The ontology takes advantage of the highly crossreferenced information and provides the required semantics to jump from one domain to another with ease. However this is still a daunting task to perform manually. The semantics will allow machines to automatically process the information and perform highly complex tasks such as IR and analytics. The fine granularity of the ontology allows applications and tools to address different users requirements.
CONCLUSION
Information pertaining to the patent system is available in multiple silos of heterogeneous information domains. To gather relevant information, one must broadly search the (1) patent documents; (2) file wrappers; (3) scientific literature; (4) court litigations; and (5) corresponding regulations and laws. In this paper, we developed an ontology to standardize the representation of documents in the patent, court case and file wrapper domains and defined properties along which they are related. We demonstrated how this ontology can act as a knowledgebase to answer queries spanning these multiple domains. The resulting ontology consists of 54 classes, 36 object properties, 3 datatype properties, 2 attribute properties and over 15,000 individuals from 1150 patent documents, 30 court cases and 1 file wrapper. The instantiated OWL ontology is available online for download [41] . Also included on the web site is a searchable index for the patent and court case documents with a direct link to the original documents.
We developed a use case around the hormone "erythropoietin". Through a use case scenario in Section 6, we demonstrate the potential use of such an ontology as a tool for improving the learning curve of a user wanting to gather information from the patent system. Since the ontology expresses semantics from multiple information domains, one can go back and forth between the information domains to make inferences based on the crossreferenced information. The proposed ontology serves as a base for (1) a tool that will expedite the learning process for someone researching in the patent system; and (2) automated tools intended for a variety of applications such as IR and analytics.
Due to the varying structure and formats of the documents, they need to be parsed separately. We realize that court cases and file wrappers are harder to parse and limit the extent to which the information from them can be automatically extracted. Better techniques and stronger regular expressions may be required.
Although we have implemented a naming convention to avoid conflicts, the naming convention could lead to issues especially when two completely different individuals have the same name.
To avoid this, the naming convention of the individuals may have to be modified. A friendly user interface for querying the ontology will be provided. However, to make full use of the ontology, one may have to know the syntax for querying in SPARQL, or any other query language of their choice.
A wide range of users involved in the different stages of the patent system including start-up companies, patent examiners and litigators will benefit from the ontology developed in this paper. Many automated tools can be built around the knowledgebase to aid the users in their research.
Future Work
Our future work has two parallel directions. First, we will review existing ontologies and create ontologies representing the other information domains in the patent system such as scientific literatures and regulatory documents including the Manual of Patent Examining Procedure (M.P.E.P.), Code of Federal Regulations (C.F.R.) etc. We will explore different possibilities of integrating this information by either merging them into a single global ontology, or mapping concepts only as needed. Simultaneously, we propose to provide access to these ontologies and develop a tool allowing one to navigate through the concepts and data. Since the ontology contains a large number of individuals, we will implement an RDF store suing tools such as Virtuoso in order to make it scalable and provide efficient access.
Our second goal will focus on developing automated tools which will use the ontologies developed to enhance the IR process from all these multiple heterogeneous information silos. The techniques developed will account for varying language and make maximum utilization of the cross-referenced information [36] , [37] . The required domain knowledge is available in the form of bioontologies at BioPortal. This research is a continuation of our previous work [40] .
Currently, a regular expression based parser is implemented to automatically extract data from patent and court case documents. However, it is challenging to achieve accurate extraction of data using automatic parsers, especially for court cases since the relevant information is not uniformly structures. In future, we wish to address this issue by exploring newer NLP techniques and providing tools that will allow new documents to conform to the structure defined by the ontology.
